If you would like to write for this, or any other Emerald publication, then please use our Emerald for Authors service information about how to choose which publication to write for and submission guidelines are available for all. Please visit www.emeraldinsight.com/authors for more information.
Introduction
Power consumption in the developing countries is a major problem that affects all the facets of economy including industrialization. It is estimated that about one-third of The current issue and full text archive of this journal is available at www.emeraldinsight.com/1477-7835.htm electricity production in the world goes to the USA while the rest two-thirds goes to the other countries of the world (Malago and Mkoma, 2012) . Despite the huge potential of Africa to generate energy due to the abundance of natural resources, it is the poorest continent in terms of energy utilization with a total energy consumption of o3 percent of global primary energy demand (Agboola, 2011) . Many communities in Nigeria have no or limited access to large scale or integrated electricity through national grid (Stephen et al., 2012) . Nigeria, which has been described as a country with large and energy hungry population (Nnaji, 2011) , is faced with a continued electricity problem making goods and services to be very costly because industries generate their power themselves through the use of generators (Osueke and Ezeh, 2011) . In a population of over 160 million, only about 40 percent of Nigerians have access to electricity from the national grid (Adams et al., 2011) .
The use of generators by individuals and industries has been a replacement for supplying power whenever there is shutdown from the national grid in the country. Use of generator has been a more stable supplement to the national grid that is characterized by frequent and persistent outages (Olabiyi et al., 2012) . According to World Bank (2005) , well over 90 percent of Nigerian businesses have generators as backups. The most common form of off-grid supply for industries are generators running on diesel. Aside the toxic air pollutants emitted from these generators, they also emit a high level of noise (Parvathi and Gopalakrishnan, 2003) . Noise from generators are generated through aerodynamics effects, forces from combustion process and mechanical excitation from rotating and reciprocating engine components (Heywood, 1988) .
Domestic and industrial use of generators has been recognized as a source of noise which impacts can have both short-term and long-term effects on humans and the environment. Noise pollution from industrial and commercial activities in urban areas represent a significant environmental hazard to public health (Sonibare et al., 2003; Vlachokostas et al., 2012) . Noise induced hearing loss, psychological changes and abnormal increase in blood pressure are likely health effects of prolonged exposure to noise in man (El-Fadel et al., 2002; Dursun et al., 2006; Franssen et al., 2002; Babisch et al., 2005; Prasher, 2003; Kisku and Bhargava, 2006; Sobotova et al., 2010) . It is estimated that about 120 million people have developed hearing difficulty due to noise pollution (Hamoda, 2008) . Annoyance, speech intelligibility and sleep disturbance have also been associated with noise pollution as the psychosocial and physiological negative effects they may have on individuals (Babisch et al., 2009; Mehdi et al., 2011; Fhyri and Klaboe, 2009; Murphy et al., 2009; Murphy and King, 2010 ).
Noise at a certain level may cause damage to aquatic life (Frid et al., 2012) . Can et al. (2011) posited in their study that there is a very good correlation between noise levels and ultrafine particles emission. The higher the noise level, the higher the airborne ultrafine particles. However, less attention is being paid to noise as a source of environmental pollution by the various Nigerian environmental agencies (Odigure and Abdulkareem, 2000) . Odigure et al. (2004) applied the principle of mathematical modeling and computer simulation to predict the noise pollution migration pattern from the use of generators in the oil rich Niger Delta area of Nigeria. The simulation result showed that generators power rating and the distance away from the generators have effect on the radiated noise. Tandon et al. (1997) , Tandon (2000) , Wang and Crocker (2002) and Mogal et al. (2011) conducted studies on noise control from machineries and mechanical structures focussing on the muffler system. Some of the recent studies that made use of acoustic
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Ambient noise from off-grid diesel engines software to model the environmental impact of noise (Diniz and Zannin, 2004; Guedes et al., 2011; Xie et al., 2011) .
This present study investigates the impacts of noise associated with operation of diesel-engine-operated electric power generators in a factory located at Ikorodu, Lagos State, Nigeria. For the impact assessment, an evaluation was carried out on the noise emanating from the power plants using their sound power level (SPL). The noise impact evaluation was carried out to identify the impacts from the diesel engines electric power generators used for production activities in the premises of the factory. These impacts covered both within the factory fence line and its immediate environment. This study was considered important because of the status of Lagos as an emerging megacity.
Materials and methods

Study area
This study was conducted in a factory in Ikorodu, a city and local government area in Lagos State -the industrial and economic capital of Nigeria (Figure 1 ). The study area is located along the Lagos Lagoon, and it shares a boundary with Ogun State, Nigeria. Ikorodu, being a part of Lagos, is among the fastest growing urban center in Nigeria. Rapid population and industrial growth in Ikorodu has affected the demand for electricity as a major source of energy. As of the 2006 Census Ikorodu had an enumerated population of 535,619 (NPC, 2012) .
Diesel engine electric power generators are engaged in the factory at Ikorodu, Lagos State to privately generate electricity for its activities. These are to meet up with the electric power requirements in the factory since there is presently heavy shortage of electricity from the national grid. The factory is divided into five sections and each of these is installed with their dedicated diesel engine electric power generators. In all the five sections of the factory, there is a total 22 units of electric power generators with total installed capacity of 24,108 kVA. 
Noise measurements
Noise measurements were taken with a digital, battery-powered, sound pressure level meter (EXTEC Instruments, US Model 407735). To measure the noise levels the sampling locations, the sound level meter was placed at a distance of at least 3 m from any barrier or other sound reflecting sources and at about 1.2-1.5 m above ground level. Measurements were taken by setting the sound level meter to the "A" weighting network of the meter.
Noise sources in the factory
The only sources of noise considered in this study are the noise from the 22 units electric power generators. This modeling considered noise from each of the sections of the factory where electric power generators are installed for smooth production activities. The average values of the measured noise level in each section of the factory were considered as inputs for the NoiseMap software.
2.3.1 Noise sources from the spinning and weaving section. The noise sources in this section of the factory are from GRT 1, GRT 2, GRT 3, GRT 4, GRT 5, GRT 6, GRT 7 and GRT 8. The SPL from each of GRT 1, GRT 2, GRT 3, GRT 4 and GRT 5 power generators is 107 dB(A) while that of GRT 6 is 109 dB(A). From GRT 7, the SPL considered is 113 dB(A) while 127 dB(A) is the SPL fed into the modeling tool for GRT 8.
2.3.2 Noise sources from the printing and dying section. In this section the noise sources identified presently operating in the factory include GRT 9, GRT 10, GRT 11, GRT 12 and GRT 13 power generators. While the SPL of each of GRT 9, GRT 10, GRT 11 and GRT 12 power generators is 127 dB(A), that of GRT 13 power generator is 103 dB(A).
2.3.3 Noise sources from the motel section. In the motel section of the factory, there are units of GRT 14, GRT 15, GRT 16 and GRT 17. The SPL of these generators are 103, 115, 107 and 107 dB(A), respectively.
2.3.4 Noise sources from the filament section. The filament section of the factory has four units of generators including GRT 18, GRT 19, GRT 20 and GRT 21 electric power generator each of which has SPL of 123 dB(A).
2.3.5 Noise sources from the fiber section. The fiber section of the factory is powered by a unit of GRT 22 electric power generator which has a SPL of 107 dB(A).
Noise level determination
Calculations of possible noise levels at some receptors locations around the factory were carried out with NoiseMap 2000 software as earlier indicated. NoiseMap 2000, the latest version of WS Atkins' noise calculation software, is used by many major companies and governmental authorities (NoiseMap, 2006) . It is available as separate modules: RoadNoise 2000; RailNoise 2000; and SiteNoise 2000 with a number of other applications, such as noise insulation assessments, planning applications, noise barrier design, environmental impact assessments, designing housing layouts and creating environmental liability databases. It uses UK standard calculation procedure and BS 5228. It has now been used to process noise in greater London called London Noise Maps and made available to the public (Xie et al., 2011) .
NoiseMap 2000 imports ordnance survey and other digital maps to generate accurate noise maps for a combination of noise sources, including predicted noise levels for road traffic, railways and industrial sites. A NoiseMap 2000 model can be built either by importing the information from a digital map, tracing the model on-screen over a scanned map or digitizing. A copy of the factory area of influence digital map was imported into NoiseMap for source exact location identification. The typical outputs from the model are: plant data, working and ground type, activity data, barrier data, contour data and receptors location to noise sources, among others.
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Ambient noise from off-grid diesel engines 2.5 Noise emission sources scenarios Six modeling scenarios were considered in this modeling exercise and each of these was based on the five different sections of the factory where electric power generators are installed. The scenarios are all operation scenarios assuming the "worst case" situation where all the installed generators in each of the sections work simultaneously. In the sixth scenario, it was assumed that all the diesel electric power generators in the factory are simultaneously in operation. Noise levels from these scenarios were generated for a picture of the contribution of the factory diesel electric power generators on the ambient host environment to be ascertained. In the modeling, it was assumed that there is continuous noise generation from the sources while in operation. The generated noise levels from each of the operation scenarios were then compared with the recommended limits of Nigeria's Federal Ministry of Environment (Table I) , that of the World Bank (Table II) 
Receptor locations
The immediate and distant environments of the factory were considered as receptors to the noise from this study. Specifically, a 10 km radius within the factory location was given adequate attention. This radius is the major locations of interest and other important point of activities in the vicinity of the factory (Figure 1 ).
Results and discussion
The modeling outputs as obtained from the six scenarios considered in this study are herein presented. Table IV summarizes these electric power generators noise sources with their SPL.
Spinning and weaving section electric generators' noise
As presented in Figure 2 , the noise from the spinning and weaving section electric power generators is 30-122.5 dB(A) with the maximum retained within the factory premises. The major receptors of noise outside the factory include Igbogbo, Molatori, Owode Ibalefun, Ifedapo and Igbo Agbowa which receive 34.9-39.7, 49.5-54.3, 44.6-49.5, 49.5-54.3 and 34.9-39.7 dB(A), respectively. Generally outside the factory premises, these section electric power generators contribute the maximum noise of 54.3-59.2 dB(A) to the ambient noise level of the factory host environment.
Printing and dyeing section electric generators' noise
From the electric power generators in the printing and dyeing section of the factory, the ambient noise into the environment is 30.0-155.0 dB(A) as summarized in Figure 3 . While the minimum noise from the electric power generators in this section within the factory is 71.7-85.6 dB(A), the maximum outside its fence line is 57.8-71.7 dB(A). In the sensitive receptors around the factory, the factory's contribution to ambient noise level are 30.0-43.9, 43.9-57.8, 43.9-57.8, 57.8-71.7 and 43.9-57 .8 dB(A) for Igbogbo, Molatori, Owode Ibalefun, Ifedapo and Igbo Agbowa, respectively.
Motel section electric generators' noise
In the motel section of the factory (Figure 4) , noise from the diesel electric power generators range between 30.0 and 127.5 dB(A). Within the factory, the minimum noise from the section's electric power generators is 51.7-62.5 dB(A) and outside it, the maximum noise contribution from the section's generators is 40.8-51.7 dB(A). From this section's electric power generators, receptors in Owode Ibalefun and Ifedapo receive 
Filament section electric generators' noise
Simultaneous operations of all the electric power generators in the filament section during peak period of production activities generate ambient noise level of 30.0-127.5 dB(A) with the minimum range of 62.5-73.3 dB(A) within the factory and a maximum of 40.8-51.7 dB(A) outside the factory ( Figure 5 ). While Molatori, Owode Ibefun and Igbo Agbowa receives additional noise of 40.8-51.7 dB(A) from this section's electric power 3.5 Fiber section electric generator' noise From the fiber section, the emitted noise into the ambient environment by its only electric power generator is 30.0-105.0 dB(A) as shown in Figure 6 . Within the factory premises, the minimum contribution from the section's generator to the ambient noise is 46.7-55.0 dB(A) while outside the fence line, the maximum contribution is 30.0-38.3 dB(A). From this generator, receptors in Molatori, and Igbogbo receive insignificant noise contribution while Ifedapo, Owode Ibelefun and Igbo Agbowa all receive 30.0-38.3 dB(A).
3.6 Noise from simultaneous operations of all the electric power generators From the "worst case" scenario when all the electric generators simultaneously operate to meet production demands, the ambient noise is 30.0-152.5 dB(A) with the minimum contribution within the factory being 70.0-84.4 dB(A) and the maximum contribution of 57.2-70.8 dB(A) outside the factory fence line (Figure 7 ). Owode Ibefun, Igbo Agbowa and Ifedapo receive 57.2-70.8 dB(A) from the factory. While Igbogbo receives nothing significant from the factory in this scenario, receptors in Molatori receive 43.6-57.2 dB(A).
Impacts of the factory's diesel generators on ambient noise
The maximum noise from the electric generators in the spinning and weaving section is 122.5 dB(A) which is above the eight-hour 90 dB(A) FMEnv limit. However, the maximum noise from the section at the factory's fence line is 54.3-59.2 dB(A) which fall within the 70 dB(A) industrial and commercial area limit of the World Bank thus poses no environmental challenge to the ambient noise of the environment. Though some receptors in the factory's neighborhood receive 34.9-54.3 dB(A), these are within the 55 dB(A) day-time limit of the World Bank and not too much above the night-time 45 dB(A) limit. Simultaneous operation of all the electric generators in the printing and dyeing section of the factory result in maximum noise level of 155.0 dB(A) which is far above the 90 dB(A) FMEnv eight-hour limit. To work safely workers in this section must put on ear protectors. Though the maximum noise into the fence line ambient environment is 71.7 dB(A), this is considered compliant with the 70 dB(A) industrial and commercial area limit of the World Bank thus pose no environmental challenge to the host environment. However, contribution of ambient noise of 57.8-71.7 dB(A) to some neighboring host communities may compel the factory to limit its operation in this section to day-time only whenever there is shortage of power from the national grid to the factory.
Emissions of 127.5 dB(A) maximum noise into the ambient environment from the motel section and the filament section of the factory also indicate that workers in the sections power houses must be with ear protector whenever on duty. The maximum noise of 51.7 dB(A) from the two sections beyond the fence line of the factory ambient environment shows that noise from these sections comply with all the limits of the World Bank and that of the WHO for commercial and industrial area as well as the day-time and night-time periods thus the generators in this section of the factory can operate both in the day-time and night-time without disturbing the host communities. The trend is the same on the noise from the fiber section of the factory. Its maximum of 55.0 dB(A) to the factory's environment and 38.0 dB(A) to the fence line are all within set limits.
Though the maximum noise from the simultaneous operations of all the sections' electric power generators is 152.5 dB(A), the maximum noise of 70.8 dB(A) beyond the fence line shows a compliance with 70 dB(A) industrial and commercial area limit of the World Bank. While the workers in each of the sections' power houses must always be on ear protector when on duty, visitors must also be on ear protector always. However, the maximum noise level of 70.8 dB(A) by receptors in Agbowa and Ifedapo in the factory's neighborhood confirms the earlier suggestion that the factory may want to limit its operation to day-time whenever there is shortage of electricity to it from the national grid. Otherwise its night-time operation may be limited to one of the motel section, the filament section or the fiber section where the maximum noise from the factory beyond 
195
Ambient noise from off-grid diesel engines its fence line is within the 55 dB(A) day-time limit of the World Bank. If night-time operation must be carried out in all the sections, the power consumption may have to be reduced to pose no challenge to the ambient noise of the neighborhood.
Conclusions
The impact of noise from the use of off-grid generators on the environment was considered from the five scenarios and when all the generators were working simultaneously. When all the electric generators simultaneously operate in the factory, the ambient noise was 30.0-152.5 dB(A) with the minimum contribution within the factory being 70.0-84.4 dB(A) and the maximum contribution of 57.2-70.8 dB(A) outside the factory fence line. Though the maximum noise is 152.5 dB(A), the maximum noise of 70.8 dB(A) beyond the fence line shows a compliance with 70 dB(A) industrial and commercial area limit but breaches the residential area limit of the World Bank. However, the maximum noise level of 70.8 dB(A) by receptors in Agbowa and Ifedapo in the factory's neighborhood may require that the factory limit its operation to day-time whenever there is shortage of electricity from the national grid. Otherwise its night-time operation may be limited to one of the motel section, the filament section or the fiber section where the maximum noise from the factory beyond its fence line is within the 55 dB(A) day-time limit of the World Bank. If night-time operation must be carried out in all the sections, the power consumption may have to be reduced to pose no challenge to the ambient noise of the neighborhood.
Susceptible individuals in the receptor locations may suffer temporary and permanent health problems as a result of short-and long-term exposure to the noise especially when all the generators are working simultaneously. The modeling results suggest that there is need for the authorities and policy makers concerned to prefer preventive and regulatory measures to reduce off-grid generator related noise. Noise could be reduced at the source by incorporating a good muffling system into the generators, building of firewalls around the sources and the use of alternative such as solar energy system which do not make noise during operation. Efforts should be geared toward the provision of sufficient, constant and stable electricity from the national grid for residential and industrial use by the Nigerian government.
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